Summary.
The periurethral glandular complex of the male water buffalo consists of a prostate body (not always present), a disseminate prostate and paired bulbourethral glands. The epithelium contains two types of columnar secretory cells and occasional basal cells. Type I secretory cells produce glycoprotein with a wide range of terminal sugars, these cells dominate in the cranial region of the periurethral glandular complex, whereas Type II secretory cells elaborate a mixture of carboxylated and sulphated sialomucin and prevail in the caudal portions of the periurethral glandular complex. At the ultrastructural level, Type I cells display a characteristic localization of organelles: a round nucleus in the basal portion, a Golgi apparatus and rough endoplasmic reticulum in the middle third, and secretory granules in the apical portion.
Type II cells possess the ultrastructure of typical mucous cells. of the reproductive organs in this ruminant species is highly desirable. This study deals with the periurethral glands which are derived from the epithelium of the urogenital sinus and differentiate into the prostate and bulbourethral glands. According to macroscopical and light microscopical observations, three separate glandular structures can be described in the water buffalo (OSMAN, 1965; FAHMY and OSMAN, 1972; EISSA,1980; MoUSSA et al., 1983) : the prostate body (pars externa), disseminate prostate (pars interna) and paired bulbourethral glands. The body of the prostate is a complex of glands covering the dorsal aspect of the cranial pelvic urethra. It is not always present macroscopically.
The disseminate prostate is a comprehensive name for a layer of individual glands surrounding the entire pelvic urethra. Paired bulbourethral glands are found in dorsolateral location at the caudal end of the pelvic urethra.
The functional significance of the secretions of this periurethral glandular complex for ruminant reproduction is poorly understood. Carbohydrates are a main constituent of the glandular secretion (YAMADA and SHIMIZU, 1977; TSUKISE and YAMADA, 1984, 1987 a, b) . According to EISSA (1980) the prostate and bulbourethral glands contribute fructose to the seminal fluid.
We hope that a better knowledge of ultrastructure and carbohydrate histochemistry of the prostate and bulbourethral glands will facilitate future physiological studies and functional interpretations of these accessory glands of reproduction.
MATERIALS AND METHODS
The pelvic urethra together with its undamaged surroundings was removed from 12 male water buffaloes (age-2 years) immediately after slaughter in Assiut (Egypt) abattoir. The local supplying arteries (Aa. prostaticae) were canulated, and a rinsing fluid (for composition see WROBEL et al., 1978) was injected to clear the vascular system. After rinsing, a perfusion fixation of the entire pelvic urethra and its attached glands was performed. Tissue blocks representing the body of the prostate, cranial, middle and caudal regions of the disseminate prostate and bulbourethral glands were removed for examination.
For light microscopical studies, perfusion with Bouin's solution was performed. From a paraplastembedded material 5-7,um thick sections were prepared and stained with a modified Masson-Goldner sequence, alcian blue at pH 2.5 (without and after neuraminidase digestion), alcian blue at pH 0.5, PAS reaction (without and after diastase digestion), PASalcian blue (pH 2.5) sequence, aldehyde fuchsin-alcian blue (pH 2.5), ponceau 2R and ninhydrin-Schiff stains.
For transmission electron microscopical study, perfusion-fixation was performed with the formaldehyde-glutaraldehyde fixative as described by KARNOVSKY (1965) . Small pieces of the periurethral glands were separated and washed in 0.2M cacodylate buffer. After osmication (1% 0504) the blocks were dehydrated in graded ethanol and embedded in ERL 4206 (SPURR, 1969) . Semithin sections were stained with methylene blue-azur II or PASalcian blue. Ultrathin sections were mounted on copper grids, stained with uranyl acetate and lead citrate (REYNOLDS, 1963) and examined with a Zeiss EM 10 A electron microscope.
For lectin-histochemical examination, Bouin-fixed paraplast-embedded sections (5-7pm thick) were stained with 10 different FITC-conjugated lectins (Table 1) , according to DORN and BERNSTEIN (1983) and examined in a fluorescence microscope.
RESULTS

Light microscopy
Both the prostate body and disseminate prostate comprise separate tubuloalveolar glands which open with excretory ducts into the pelvic urethra. A dense connective tissue with occasional smooth muscle fibers constitutes the periglandular stroma and divides the parenchyma into lobes. A network of elastic fibers surrounds the glandular end pieces (Fig. 4) . The shape and size of the secretory elements are irregular; in the body, wide glandular saccules dominate, whereas in the disseminate prostate, narrow tubules prevail. In the bulbourethral glands, tubuloalveolar end pieces and tubular ducts, partly dilated to form cyst-like storing cavities, are most obvious.
The secretory epithelium of both portions of the prostate and of bulbourethral glands is similar, consisting of tall columnar cells with a spherical or flattened nucleus in the basal position and accumulations of secretory granules in an apical location 5, 6) . A certain number of cells are low columnar in shape and lack secretory granules, thus reflecting a secretory cycle with different phases of cellular activity.
In the prostate epithelium, small basal cells with centrally located relatively large oval nuclei can be easily identified ( Fig. 1 ), but are scarce in the bulbourethral gland. The secretory material stored within the glandular collecting cavities and saccules has a granular appearance. Carbohydrate and protein histochemistry underlines the similarity of the prostate to the bulbourethral secretory epithelium. After application of the PAS-alcian blue (pH 2.5) sequence in the entire peri urethral glandular complex two types of secretory cells were distinguished : cells (Fig. 2) contaning apical granules that react exclusively with PAS (Type I cells) and cells (Fig. 3) possessing secretory material giving a positive reaction with both PAS and alcian blue (pH 2.5), thus appearing violet (Type II cells).
Type I cells constitute most of the secretory end pieces in the body of the prostate as well as in the cranial and middle thirds of the disseminate prostatic layer. A reduced number of Type I cells are found in the caudal third of the disseminate prostate and in the bulbourethral epithelium. In the latter gland ( Furthermore, Type I cell granules give positive results with ponceau 2R and ninhydrin-Schiff stains, they thus contain a glycoprotein.
Type II cells constitute the majority of end pieces in the disseminate prostate around the caudal third of the pelvic urethra, and dominate within the bulbourethral epithelium (Figs. 5, 6) . Type II cells are scarce in the body of the prostate and in the disseminate prostate surrounding the cranial two thirds of the pelvic urethra. The secretory material of Type II cells appears in the form of distinct granules in the apical cell region (Fig. 3) or as a foamy mucous substance (Fig. 5) filling most of the cell. The shape and location of the nucleus correspond to the amount of the stored secretory material. Spherical nuclei in the basal third are observed in cells with distinct apical granules (Figs. 1, 3) . Flattended, dense nuclei are located close to the basal plasma membrane in cells with abundant secretory material (Figs. 5, 6 ). The latter situation dominates in the bulbourethral epithelium. The secretory material of Type II cells is poorly stained with alcian blue at pH 0.5. The alcian blue reaction at pH 2.5 is diminished following neuraminidase digestion. After application of the aide- Diastase digestion does not reduce the PAS staining of the secretory material. From these observations, we conclude that most of the Type II cells of the prostate and bulbourethral glands contain a mixture of carboxylated and sulphated sialomucin as secretory material. Some cells contain only carboxylated sialomucin. A small minority reveals the reaction of an intensely sulphated epithelial mucin.
Electron microscopy
The ultrastructure of Type I glandular cells (Fig. 7) Type I cells of the periurethral glandular complex display modifications of their plasmalemmata and intercellular spaces in order to variously increase the efficiency of intercellular transport and secretion. The apical free surface exhibits short microvilli, which project frequently into apicolateral intercellular secretory canaliculi. At certain sites the intercellular space enlarges to form an intercellular channel system for transport and exchange between adjacent cells. Furthermore, adjacent cells develop many interdigitating cytoplasmic processes. In the basolateral position, the intercellular space is again enlarged to form a labyrinthine system which remains open to the stroma but is sealed against the intercellular cleft. Desmosomes connecting the epithelial cells appear frequently in close association with mitochondria to form mitochondria-desmosome complexes. Such complexes are observed as attachments above the basolateral labyrinthine system and as sealing devices for intercellular transport and exchange canaliculi. The basal surface of Type I cells is generally smooth and unspecialized. Many hemidesmosomes connect the cells with the underlying basal lamina.
In most Type I cells, cytoplasm and organelles show a characteristic organization (Figs. 7, 8) . The round or oval nucleus is placed in the basal third, a Golgi apparatus, rough endoplasmic reticulum and the majority of mitochondria occupy the middle third, and the secretory granules are located in the apical cell region.
The secretory granules of Type I cells are spherical in shape, are surrounded by a limiting membrane, and contain electron dense homogeneous material, which is released by a process of exocytosis.
The ultrastructure of Type II glandular cells (Fig. 9) Type II cells show ultrastructural features of typical mucous cells. Their granules contain flocculent, filamentous or granulated material of varying electron density. Some granules display a dense core and a lighter periphery. Prior to extrusion the granules tend to coalesce near the apical cell surface.
Two types of basal cells are distinguished in the prostate and bulbourethral glands (Figs. 7, 11 ). The first one (Fig. 11) is undifferentiated, has a centrally located nucleus and few other organelles. The second type (Fig. 7) is higher developed, possesses a kidneyshaped nucleus, an basally located active Golgi apparatus and round or oval mitochondria. Small desmosomes connect both types of basal cells with adjacent secretory cells.
Free mononuclear cells are often observed within the epithelium of the prostate. They are identified as lymphocytes, monocytes or macrophages and are usually found near the basal lamina.
The interglandular stroma is also rich in free mononuclear cells, particularly plasma and mast cells. Blood vessels and capillaries are found around the glandular end pieces. Non-myelinated nerve fibers accompany the blood vessels and are surrounded by Schwann's cells. Occasionally, nerve fibers form dense networks on the outer surface of the glandular basal lamina (Fig. 12a) ; they also penetrate the basal lamina (Figs. 10, 12b) , occasionally forming intraepithelial neuroglandular contacts. Such intraepithelial nerve fibers and terminals are exclusively identified in the prostate. Subepithelial and intraepithelial terminals contain accumulations of small agranular vesicles, and a few larger dense granules 80-100 gm in diameter (Figs. 12a,b) .
Lectin-histochemistry (Table 2) FITC-labeled lectins react characteristically with the secretory cells of the periurethral glandular complex (Figs. 13-18 ). In the prostate the mucous granules of Type II cells display varying affinities for all applicated lectins, but in those of the bulbourethral glands no reaction was obtained with Con A agglutinin (specific for a-D-Glc/Man), DBA agglutinin (specific for aNacGal) and RCA I agglutinin (specific for /3-D-Gal). Fig. 12 . Innervation of prostatic epithelium. a. Subepithelial nerve fibers (Nf) display terminals (arrow) with clear vesicles and larger dense granules. E prostatic epithelium, BI basal lamina. X 14,600. b. Nerve terminals (Nt) are situated inside the basal lamina (BI) in direct contact with the glandular epithelium (E). X25,000
Figs. 13-18.
Reaction of periurethral glandular tissue with FITC-conjugated lectins. Fig. 13 . Granules of prostatic Type I cells react with WGA. Fig. 14 . Prostatic Type II cells display varying affinities to GSA I, while capillaries react strongly and uniformly. Fig. 15 . Granules of prostatic Type II cells are positive for MPA. Fig.  16 . In the bulbourethral gland Type II cells bind SBA, while end pieces with Type I cells (arrow) are negative. Fig. 17 . Strong reaction for WGA in mucous lining cells of a bulbourethral collecting space. Fig. 18 . Material in bulbourethral Type II glandular cells gives off strong fluorescence. Note also positive reaction for MPA in basal lamina and connective tissue matrix. Fig. 13 
DISCUSSION
Accessory glands which are derived from the epithelium of the urogenital sinus are phylogenetically old and exist in marsupials, monotremes and higher mammals. The periurethral glandular tissue in ruminants can serve as a general model for the differentiation of this complex in separate glandular structures as prostate and bulbourethral glands. According to this concept, the most primitive situation consists of a diffuse glandular layer around the entire pelvic urethra. The secretory epithelium displays Type I (specific) and Type II (mucous) cells in a roughly even distribution. Such a primitive situation (disseminate prostate only) is observed in some species of deer, although in the red deer a regional concentration of mucous cells in the caudal portion of the glandular layer is encountered (AUGHEY,1969) . In the goat and ram, the caudal periurethral glands have concentrated to form separate bulbourethral glands.
At the histological level, Type I and II cells are observed in the entire glandular complex, though Type I cells dominate within the cranial disseminate glands, and Type II cells within the bulbourethral glands (WROBEL, 1970 (WROBEL, , 1972 WROBEL and SINOWATZ, 1985) . The water buffalo represents a further step in macroscopical and histological differentiation. The cranial periurethral glands form a prostate body in the majority of animals. A prostate body was lacking in 24% of buffaloes examined in one study (EIssA, 1980) . Between this prostate body and the welldeveloped bulbourethral glands a continuous glandular sheath (disseminate prostate) surrounds the pelvic urethra. Type I cells dominate in the prostate body and cranial half of the disseminate prostate, while Type II cells prevail in the caudal half and the bulbourethral glands. A still higher degree of regional specialization is found in the bull (DJANNATIAN, 1973) , where the cranial periurethral glands always form a macroscopically distinct prostate body and where the bulbourethral glands no longer contain Type I cells but exclusively Type II mucus secreting cells.
Perfusion fixation of the periurethral glands resulted in the demonstration of epithelial peculiarities indicative of increased intercellular and transepithelial transport.
Short apical intercellular secretory canaliculi with microvilli were observed. These were separated from the normal intercellular space by junctional complexes, which represent highly selective barriers (TRUMP et al., 1981) . At the lateral cell surfaces a horizontally running intercellular transport and exchange system is developed. It consists of intercellular canaliculi with a dilated lumen or with interdigitating cytoplasmic processes. Exchange by microvesiculation is frequently observed between this transport system and the adjacent cells. In the basolateral position an intercellular horizontally running labyrinth of interdigitating or folded cell membranes increases the exchange area between cells and stroma. Similar devices for intercellular and transepithelial transport have also been observed in the bovine prostate following perfusion fixation (ABOU-ELMAGD and WROBEL, 1986) .
Notions concerning the innervation of the periurethral glands are still controversial. JABONERO et al. (1963) reported in light microscopical observations that nerve fibers surrounding the end pieces may penetrate the basal lamina to establish neuroglandular contacts. SMITH and LEBEAUX (1970) and SHIMA (1973) described the human prostate as being innervated by cholinergic fibers via synapses a distance. AUMULLER (1979) , on the other hand, was not able to verify the aforementioned results at the ultrastructural level. However, in our material we observed with the electron microscope a network of unmyelinated fibers in very close contact with the secretory end pieces. In the prostate these nerves frequently perforate the basal lamina and terminate in the intercellular spaces, in a manner similar to that reported for the guinea-pig seminal vesicle (AL-ZUHAIR et al., 1975) . The ultrastructure of these terminals in buffalo prostatic epithelium resembles that as described for salivary (JOHANSSON and LUND-BERG, 1981) and sweat glands (TAINIO and VAALASTI, 1988) : the terminals contain small agranular vesicles and a few large dense-core vesicles and probably represent secretory cholinergic fibers.
Though the periurethral glandular complex is well-developed in the buffalo as in other ruminants, the exact role of prostatic and bulbourethral secretions in the reproduction process is poorly understood. Carbohydrates represent an important fraction of the periurethral glandular secretion. By means of substrateand lectin-histochemistry, TSUKISE and YAMADA (1984, 1987a, b) were able to identify sialomucin, specific glycoproteins and at least two different types of glycoconjugates in the secretory granules of the goat prostate. Our studies in the buffalo confirm the existence of a diversified pattern of glycoconjugates. These glycoconjugates may be necessary for stabilization of the spermatozoan plasma membrane, or may serve as a source of energy for spermatozoa and have protective functions for the urethral epithelium (MILLETTE,1977; KOEHLER,1978 KOEHLER, , 1981 TSUKISE and YAMADA, 1981; Hour, 1984; YAMADA, 1985) .
